Since the amendment of the law on the private sector investment in social infrastructure in January of 2005, the government has been actively promoting Build-Transfer-Lease (BTL) projects. Notably, most new educational facilities have been built as BTL projects. For these facilities, the unit cost per unit area has been applied to predict construction costs. However, since construction costs are mostly managed after the detailed design phase, the costs can be estimated incorrectly. For this reason, cost management is needed in the planning phase, with a sound approximate estimate to prevent the wasteful use of funds. To address this shortcoming, this study aims to develop a quantity prediction model for education facilities using regression analysis in the planning phase. The developed model is focused on the required quantities of reinforced concrete and bricks. In order to achieve the objective, the data of 44 educational facility projects collected from Gyeonggi-do was used in the regression model. This study can be utilized by major stakeholders to accurately predict construction costs by estimating the appropriate quantities of reinforced concrete and bricks in the planning design phase.
Introduction
Following the amendments to the law on private sector investment in social infrastructure made in January of 2005, the government has been actively promoting Build-Transfer-Lease (BTL) projects. By the end of 2011, 396 BTL projects had been conducted, with contracts amounting to 23.6 trillion won. Of the projects, education facilities and drainage facilities represent 30.1% and 26.3% of the to-tal number of projects, respectively [1] .
Notably, as a part of an initiative to improve the education environment, BTL projects involving educational facilities have been promoted since the law on the construction of educational facilities was established in 2005 by the Ministry of Education & Human Resources Development. For the facilities, the unit cost per unit area has been applied to predict construction costs [2] .
However, since the management of construction costs is focused on after the detailed design phase, management based on approximate estimates in the planning phase are very vulnerable to error. Therefore, it is necessary to develop a model that enables precise prediction of construction cost in the planning phase [3] .
Thus, the purpose of this study is to develop a quantity prediction model for education facilities in the planning phase using regression analysis. The developed model is focused on predicting the required quantities of reinforced concrete and bricks, since the costs of these items is the main component of total construction costs. The costs of reinforced concrete and bricks occupy 30-35% and 6-8% of total costs, respectively [4] . This study can be utilized by major stakeholders to accurately predict construction costs by estimating appropriate quantities of reinforced concrete and bricks in the planning phase.
Research methodology
In this study, the quantity of reinforced concrete and bricks is analyzed based on the bill of quantity for 44 education facilities, such as elementary, middle, and high schools built for the Gyeonggi Provincial Office of Education from 2006 to 2009. In order to achieve the objective of this study, the previous studies related to BTL and quantity estimation were first analyzed. Second, the bills of quantity for the 44 education facilities built for Gyeonggi Provincial Office of Education from 2006 to 2009 were collected. Third, based on the collected data, the quantity of reinforced concrete and cement block and red brick in each facility are identified. Fourth, the regression model is developed. In the model, the quantity of reinforced concrete and bricks is defined as the dependent variable, and the total floor area, number of classes, and number of floors were defined as the independent variables. Fifth, the correlation analysis is utilized between variables to identify their relationship. In addition, the developed model is verified through the check for normality method.
Literature review
Many researchers have attempted to conduct studies related to quantity take-off at the planning phase of a construction project, as this can determine the success of the project.
In the area of apartment projects, many studies related to the prediction of construction costs and methods for improving the reliability and accuracy of predictions have been conducted. Park et al. [5] suggested a 3D BIM approximate estimating model using detailed as-built information of previous similar projects. Seong and Kim [6] developed the BIM guideline for apartment projects analyzing the BIM environment in order to promote BIM technology. Lee and Chin [7] have conducted a study regarding the BIM-based quantity take-off of an apartment interior for accuracy and reliability.
In the area of education facilities, while many studies have been conducted related to the design-bid-build delivery method, few studies have been conducted related to the quantity take-off of BTL projects. Kwon et al. [8] suggested a BIM-based estimating method for education facilities to obtain greater accuracy and efficiency by having more information at the planning phase.
This study also suggested a reasonable work breakdown structure for bill of quantity. Jeon developed the regression model to predict the quantity of main materials and total construction costs by using the total floor area of design-bid-build projects [4] . In addition, Kim et al. [9] suggested the cost estimating model of structural building elements with an approximate quantity survey method. The model could predict the amount of materials and the cost of construction based on historical similar cases. Based on 145 schools from 2001 to 2005 that were constructed through the design-bid-build delivery method, an artificial neural network model for the construction estimate of an education facility at the planning phase was suggested in Kim's study [2] .
In terms of BTL projects, Lee et al. [10] developed a system for estimating the government's payment in a BTL project using Visual Basic. The result of the developed system shows a decreased analysis time. In addition, it is possible to analyze the feasibility of a BTL project. Seo explained how to organize the BTL project of an education facility and how to deal with the decision-making for finance cost. Based on the results of the study, Seo emphasized the importance of financial and operation and maintenance cost [11] . In Lee's study, to identify the difficulties when a BTL project is being planned, a survey of major stakeholders was conducted. The result of the study showed that the priority was to develop the economic analysis system [12] . Kim et al. [13] developed the regression model to predict total construction cost according to the spatial plan of educational facilities by investigating 14 BTL projects from 2008 to 2010.
Therefore, although previous studies have been conducted related to the quantity take-off of apartment and education facility projects built through the design-bid-build delivery method, few studies have been conducted on the BTL projects. This study suggests an accurate and reliable quantity take-off method for BTL projects that uses the regression model.
Data analysis

Descriptive analysis
This study is conducted based on the bill of quantity for 44 education facilities built from 2006 to 2009 for the Gyeonggi Provincial Office of Education. The quantity of reinforced concrete, cement block, and red brick is collected in each facility. Table 1 provides a descriptive analysis of the collected data. In this study, to predict the quantity of reinforced concrete and bricks, the category variable is first set according to whether the project is for an elementary school, a middle school, or a high school. Second, according to the educational facility master plan, the number of classes, the number of floors, and the total floor area are set as the independent variables [2] . Third, as the dependent variables, the reinforcing bar, concrete, cement block and red brick are set. As shown in Table 1 , the number of classes ranged from 18 to 42. The total floor area ranged from 6.925m 2 to 12,701m 2 . Table 2 represents the correlation results between variables such as the number of classes, the total floor area, the quantity of concrete, reinforcing bar, cement block and red brick. As shown in Table 2 , first, since the p-value is less than 0.05, the number of classes is significantly related to all variables. In other words, as the number of classes is increased, the total floor area and the quantity of concrete, reinforcing bars, cement blocks and red bricks are also increased. Second, the total floor area is positively related to the number of classes, the quantity of concrete, reinforcing bars and cement blocks. However, since p-value is higher than * Correlation is significant at the 0.05 level (2-tailed). Table 2 . Correlation Analysis 0.05, there is no relationship between the total floor area and the number of red bricks. Third, although there is a significant relationship between the quantity of concrete and the number of classes, the total floor area, and reinforcing bars, there is no relationship with the other variables. Fourth, the number of cement blocks is only related to the number of classes, and the number of red bricks is correlated to the number of classes. As a result, the number of classes and the total area, representing the project size, has a significant relationship with the quantity of all materials.
Correlation analysis
Regression analysis 4.3.1 Hypothesis and model development
In this study, in order to predict the quantity of reinforced concrete and brick, the following hypotheses are established and the regression model is developed. After that, the established hypotheses are verified through the check for normality.
1) The quantity of reinforced concrete used in an education facility can be predicted by the regression model according to the independent variable, the total floor area, the number of floors and the number of classes.
2) The quantity of cement blocks and red bricks can be predicted by the regression model according to the independent variable, the total floor area, the number of floors and the number of classes. In detail, a regression model with one-way ANOVA analysis is developed in this study. The following Equations (1), (2), (3) and (4) are established to estimate the quantity of reinforced concrete, cement blocks and red bricks, respectively. Table 3 Table 4 shows the R 2 of each regression model.
As the coefficient of determination, the R 2 indicates how well data points fit a line or curve. In other words, the R 2 provides a measure of how well observed outcomes are replicated by the model. 
Check for validity
Before proceeding to the interpretation, it is essential to confirm that the residuals are normally distributed. As the method to check for normality, Table 5 shows whether or not the residuals are normally distributed numerically. Generally, when the sample size is higher than 50, the Kolmogoro-Smirnov test is used. In this study, both tests are used to check for normality. As shown in Table 5 , p-value is higher than 0.05, which proves that the residuals are normally distributed. In addition, as shown in Figure 1 , a Q-Q plot of standardized residuals confirms that the models are normally distributed. Therefore, the check for normality proves that the developed models are significant and can be used to predict the quantity of materials. 
Conclusion
This study suggests a quantity prediction model for reinforced concrete and bricks in education facilities in the planning phase using regression analysis. The data of the 44 education facilities projects collected from Gyeonggi-do was used in the regression model. The quantity of reinforced concrete and bricks was used as the dependent variable, and as the independent variable, the total floor area, number of classes, and number of floors were collected.
The result of the correlation showed that there is a significant relationship between the number of classes, the total floor area, and the quantity of materials, regardless of the number of floors. In particular, since the R 2 of each developed model is 0.481, 0.631, 0.423 and 0.462, the quantity of concrete, reinforcing bars, cement blocks, and red bricks can be explained 48.1%, 63.1%, 42.3%, and 46.2%, respectively, based on the developed model. In other words, it indicates that there are unknown variables to predict the quantities. Therefore, in the future, a study should be conducted that considers unknown variables such as the size of each class or other influencing factors. In addition, the validity of the model to quantify the materials was confirmed since there is no heteroscedasticity problem found through the check for normality.
This study can be utilized for major stakeholders to correctly predict construction costs by estimating the appropriate quantities of reinforced concrete and bricks in the planning design phase. However, since the data were collected from 2006 to 2009 and only involve facilities built for the Gyeonggi Provincial Office of Education, the scope of this study is limited. Therefore, in the future, additional research should be performed after collecting data on education
